Mound-building termites are important agents of soil bioperturbation, but these species have not been extensively studied thus far. The present study aimed to evaluate the soil particle-size and the chemical attributes of termite mounds and the surrounding soil under different land use strategies. A one-hectare plot was defined for an unmanaged degraded pasture, planted pasture, and for a eucalyptus Corymbia citriodora plantation. In each plot, the top, center, and base sections of five Cornitermes cumulans mounds, and the surrounding soil at the depths of 0-5; 5-10; 10-20 cm, were sampled in the Pinheiral, Rio de Janeiro state. In the three areas, the center of the mounds contained higher clay content, organic carbon, phosphorous, calcium and magnesium, total bases, and cation exchangeable capacity, when compared to the top, base, and the surrounding soils. However, the center had lower values of exchangeable acidity and potassium, of the three areas. In the eucalyptus plantation, the values of pH, total bases, calcium, and magnesium were lower, whereas aluminum, exchangeable acidity, sodium, and cation exchange capacity were higher both in the mounds and in the surrounding soil, in relation to the pastures. There were no differences among the three areas in terms of organic carbon, potassium, phosphorous, and total bases, in the mounds and adjacent soil. Thus, the termite activity altered the clay content and most of the soil chemical properties in all of the studied areas, but only for the center of the mounds. However, the effect of these organisms was different in the eucalyptus plantation in relation to the pasture areas. 
Introduction
The order Isoptera is represented by 3,000 species of termites (cupim), of which approximately 75% build nests on the ground called mounds (SARCINELLI et al., 2009) . The species belonging to the genus Cornitermes are responsible for the construction of the vast majority of these structures, most of which are found on the surface of the soil (FERREIRA et al., 2011) . In Brazil, the term "mound-building cupim" has been associated almost exclusively with the species Cornitermes cumulans (Kollar, 1832), due to the high frequency with which their nests can be found; these are mainly in pastures in the Southeast, as well as in parts of the Central-West, South, and Northeast regions of Brazil (VALÉRIO, 2006) . This species builds mounds in a conical shape, which can reach average and maximum heights of 77.7 cm and 200 cm, respectively (REDFORD, 1984) , a basal diameter of 110 cm, and an outer wall thickness between 3-5 cm (COSARINSKY, 2011) .
Termite mounds are found more frequently, and with greater density and affluence in ecosystems that have been most impacted by human activities, compared to areas that were less impacted, or areas with native vegetation. This was verified in an old pasture (9 years), compared to regenerated pastures and native "cerrado" vegetation in Planaltina, Goiás (BENITO et al., 2004) ; an integrated crop/ livestock system and continuous pasture area, compared to an area of native "cerrado" vegetation in Dourados, Mato Grosso do Sul (SILVA et al., 2006) ; and a degraded pasture still occupied by cattle and two areas of abandoned pasture that had remained undisturbed for 5 and 30 years, with scrub regeneration, in Poço Redondo and Porto da Folha, Sergipe (VIANA JÚNIOR et al., 2014) . The proliferation of these social insects in these landscapes, where organic matter with a high C/N ratio predominates in the soil, is probably related to their capacity to co-exist with microorganisms that help with the decomposition of such material (BENITO et al., 2004; AQUINO et al., 2008) .
Therefore, termites are considered aesthetic pests (FERNANDES et al., 1998) , and an indicator of pasture degradation (AQUINO et al., 2008) .
However, changes in the physical and chemical properties of the soil caused by the activity of termites, which for this reason are considered ecosystem engineers (DANGERFIELD et al., 1998) , are positive. This is due to the increase in pH, porosity, clay content, organic matter, and nutrients in termite nests, as compared with the surrounding soil that has not been affected by these organisms (ACKERMAN et al., 2007; SARCINELLI et al., 2009; COSARINSKY, 2011; ECHEZONA et al., 2012; SARCINELLI et al., 2013) . It is known that the resistant outer layer of the mounds built by Cornitermes cumulans is mainly made of soil, while the central chamber where the colony lives is rich in organic matter (REDFORD, 1984; FERREIRA et al., 2011) .
However, these results considered all mounds constructed by different species of cupim, or by species that do not belong to the genus Cornitermes, and they were based on the comparison of surrounding soil with material present within 10 cm of the termite nests (the top) (ACKERMAN et al., 2007; ECHEZONA et al., 2012; SARCINELLI et al., 2013) , with the external wall and the inner part of the termite nests (SARCINELLI et al., 2009) or with only the outer wall (COSARINSKY, 2011) . Nevertheless, these studies were conducted in pasture areas and/or areas of natural regeneration of native vegetation, and there is no data of this kind referring to eucalyptus plantations, which is a type of soil management widely used in many different soil and climatic conditions. In addition, information about the effect of termite activity on soil, by comparing different sections within termite nests in a vertical gradient (top, center, and base), and comparing these sections to the surrounding soil, were reported by Kaschuk et al. (2006) . This type of approach is based on the hypothesis that the different sections have different chemical compositions. This fact is consistent with field observations in pasture areas and eucalyptus plantations in Pinheiral, a municipality in the state of Rio de Janeiro, where the outer wall of the mounds was found to be quite tough and reddish. However, the internal walls in the central section are fragile and very dark, with various galleries constructed mostly from excrement. Thus, the influence of termites and their mounds on soil formation, landscape transformation, nutrient cycling, and as bioindicators of disturbance of tropical ecosystems have not been investigated adequately (JOUQUET et al., 2014) . Further studies should be carried out to examine the important ecological role of these organisms in different ecosystems (FERREIRA et al., 2011) . The present study aimed to identify possible relational patterns between the surrounding soil under different types of land management, and different sections of the termite nests created by Cornitermes cumulans, considering the texture and chemical attributes of the material used to form the mounds in Pinheiral, Rio de Janeiro.
Material and Methods
The study area was located in the municipality of Pinheiral, which belongs to the Middle Valley of the Paraíba do Sul region, in the state of Rio de Janeiro, between latitudes 22° 30' S and 22° 38' S and longitude 43° 57' W and 44° 05' W. The topography is similar to the "Mar de Morros" type (AB 'SABER, 1996) , with small areas of wetlands associated with high slope areas, whose altitude varies between 360 m and 720 m. The climate of the region is classified as Cwa, with a temperate dry winter and rainy summer, and as Am, with tropical humid characteristics and a dry winter (KÖPPEN, 1948) . The total annual rainfall varies between 1300 mm and 1500 mm, which is concentrated between December and March, while the dry season occurs during the months of July to September (PINHEIRO et al., 2013) . The monthly average temperature ranges between 12°C and 33°C, with an annual average of 20.9°C. The native vegetation in the area is called Low Mountainous Rainforest and belongs to the wider region of the Atlantic Forest (VELOSO et al., 1991) .
This study was conducted in areas with three different types of soil management, which are prevalent in the region and have a high frequency of termite mounds: (1) unmanaged degraded pasture (UP) dominated by the Paspalum notatum grass (Fluegge) with invasive plant species such as Vernonia polyanthes (L.), Solanum aculeatissimum (Jacq.), and Baccharis dracunculifolia (D. C.); (2) managed pasture (MP) with Brachiaria decumbens (Stapf) planted through conventional tillage practices (liming and mineral fertilization); and (3) Corymbia citriodora eucalyptus plantations (Hill and Johnson) (EU). The MP area is subjected to increased grazing pressure, due to the higher quality of the pasture, in comparison with the UP area. In this area, there is alternating use of initial secondary vegetation ("capoeira") and unmanaged pasture, as well as the widespread practice of burning. Both UP and MP areas are occasionally mowed. The EU was planted in 1982 through the establishment of contoured ridges, with lime and mineral soil fertilization for the unmanaged pasture, and the first cut was made in 1996. In all three areas studied, the soil is classified as Red-Yellow Acrisol (SANTOS et al., 2013) .
In each area (UP, MP, and EU) a plot of about one hectare was randomly outlined, from which samples of the formation material of five termite mounds inhabited by Cornitermes cumulans were collected; these were considered the sample units. This procedure was intended to meet the minimum principles for collecting soil samples for fertility purposes, where the recommendation is to obtain 10-20 single samples to constitute a standard-area sample, which is equal to 1 ha. In the dry season (late winter) and rainy season (late summer), approximately 500 g of soil samples were collected from the upper sections (top), middle sections (center), and bottom sections (base) of the mounds. During winter, the average temperature is 19°C and the average monthly precipitation is 47.5 mm, while in summer, the average temperature is 24°C and the average monthly precipitation is 192 mm, according to data from the Pinheiral Weather Station. The vertical distance between the collection points in sections of termite nests has not been fixed, since this varied depending on the size of the termite nests.
As a comparative control, approximately 550 g of soil samples were also collected in a surrounding area adjacent soil at depth levels of 0-5 cm, 5-10 cm, and 10-20 cm below the surface and at a distance of approximately 2 m from each mounds, to avoid the influence of termite activity. Termites are able to translocate particles from subsurface layers to surface layers of the soil (KASCHUK et al., 2006; SARCINELLI et al., 2013) . Therefore, there can be variations between different sections of a mound, and among different mounds, between mounds, and in the soil layers at different depths. The hypotheses tested were as follows: (1) there is a difference between the material used to form termite mounds in central, top and bottom sections, and the surrounding soil, that has not been affected by the organisms, with respect to particle size and soil properties; (2) there is a difference, when comparing different types of soil management, in the influence of termites on the chemical properties of the soil.
After collection, all collected material was airdried on a laboratory workbench and sifted manually (with 2.0 mm mesh) to obtain fine air-dried soil (called FADS) in which the particle size analyses were performed using the pipette method (DAY, 1965) , as well as chemical methods (EMBRAPA, 1997) . The pH in water, available P in soil (PO 4 -), extractable acidity (H + Al), exchangeable aluminum cations (Al ), sodium (Na + ), sum of the bases (SB), base saturation (V), cation exchange capacity (CEC), and organic carbon (C org) were examined in the study.
The experimental design was completely randomized. Sections of termite nests and layers of surrounding soil were independent factors, whereas dependent factors included the texture and chemical properties of the soil. The results were submitted to a variance analysis test (ANOVA F), at 5% significance, to verify the homoscedasticity of waste, followed by the Tukey test at 5% significance, to compare the mean values and verify the possible influence of termite activity on the soil using the BioEstat program version 5.3 (AYRES et al., 2007) . A cluster analysis was performed using the PAST program (HAMMER et al., 2001) , which considered the average of the chemical attributes throughout the seasons. For each study area, a dendrogram of distances was created using a method of complete linkage and Euclidean distance.
Results and Discussion
The material used to form mounds had a higher clay content and lower sand content, regardless of the section of the mound in which it was found, when compared to the three different layers of the surrounding soil (0-5, 5-10, 10-20 cm) in the three areas studied (Figure 1 ). Thus, the textural type of the mound material was loamy (350 to 600 g kg -1 of clay), while the surrounding soil was considered to be average (150 to 350 g kg -1 of clay) with respect to UP, MP, and EU. Due to the higher clay content in subsurface soil layers in the three areas studied, which is a typical pattern of ultisols, it became clear that the mounds were built by termites that preferred to use material from the subsoil. Comparing the sections of the mounds, there was a trend toward greater accumulation of sand at the base and at the top, compared with the center. However, the opposite was observed for silt, which accumulated more in the center as opposed to the base and the top. These two patterns occurred in all three areas. With respect to clay, there was greater accumulation at the top and in the center, in both pasture areas, while in the eucalyptus plantation, the clay content was higher at the top and the base.
Several species of cupim select smaller particles (of clay and silt) from subsurface layers to more superficial layers to build their nests (KASCHUK et al., 2006) . This causes a relative increase in their percentage values in comparison to the surrounding soil in different ecosystems, such as pasture areas, high altitude grasslands, savannah, and tropical forests (DONOVAN et al., 2001; COSARINSKY, 2011; ECHEZONA et al., 2012; SARCINELLI et al., 2013) . Clay, when ingested together with the organic matter from soil or litter and mixed with the fecal matter of termites, acts as a cementing material and provides greater cohesion and stability to the structure of termite nests (COSARINSKY, 2011), as well as increased moisture retention capacity and a better microclimate for the organism's activities within the colony (DONOVAN et al., 2001 ).
There was a statistically significant relationship between the factors of soil management type and termites activity for most of the chemical properties of soil that were studied, during at least one of the seasons. This was true for pH, calcium (Ca), and base saturation (V) during the rainy season (p < 0.0001 for all properties) and the dry season (p = 0.0001, p < 0.0011; p = 0.0198, respectively); organic carbon (C org), extractable acidity (H + Al), and base sum (SB) during the rainy season (p < 0.0001, p = 0.0070, p < 0.0001, respectively); and aluminum (Al) in the dry season (p = 0.0005).
The findings showed that the termites changed virtually all of the chemical properties of the soil, for each of the three different types of vegetation considered. However, in general, significant differences (p < 0.05) were observed between the center of termite nests and the other sections, and the surrounding superficial soil (0-5, 5-10, 10-20 cm), which did not differ with regard to chemical properties in UP, MP, and EU in both seasons (Tables  1 to 4 ). This is because the center of the mounds had higher organic carbon values (C org) which, together with higher clay content, led to higher values of cation exchange capacity (CEC) in this section, as compared with other sections of termite nests and the three layers of surrounding soil. Table 1 . Mean values* of pH, exchangeable Al, H + Al, organic carbon (C org), and available phosphorus (P) of surrounding soil (0-5; 5-10; 10-20 cm) and termite nest material (top; base; center), in unmanaged degraded pasture (UP), managed pasture (MP), and eucalyptus plantation (EU) in the rainy season. This pattern, which is repeated for all three areas studied, in both dry and rainy seasons, also occurred with regard to available phosphorus (P), exchangeable calcium (Ca), and exchangeable magnesium (Mg), whose values were higher in the center of termite nests (Tables 1 to 4 ). The highest Ca and Mg values were reflected in the larger SB values in the center, as compared with other sections of mounds and surrounding soil. However, lower H + Al values (for both seasons) and exchangeable potassium (K; rainy season) were observed in the central section of UP, MP, and EU mounds, in comparison to other sections and the topsoil. Table 2 . Mean values* of pH, exchangeable Al, H + Al, organic carbon (C org), and available phosphorus (P) of CEC (cation exchangeable capacity) surrounding soil (0-5; 5-10; 10-20 cm) and termite nest material (top; base; center), in unmanaged degraded pasture (UP), managed pasture (MP), and eucalyptus plantation (EU) in the dry season.
Area
Layer/ Section In areas of natural grassland, for five municipalities in the state of Santa Catarina, Kaschuk et al. (2006) also observed that the material used to form the center of mounds of different species of termites, including Cornitermes cumulans, showed higher values of C org, P, K, Ca, and Mg in comparison to the surrounding soil and the other sections of the mounds, at the top and base. The increase of C org and nutrients (P, K, Ca, and Mg) in the matter that has been manipulated by termites occurs due to deposition of organic matter in the soil ingested by the organisms in the form of fecal or buccal matter, which acts as a cementing agent in the construction of mounds (SARCINELLI et al., 2013) . However, larger values of K, Ca, and Mg in the mounds are also a function of the translocation of the mineralogically richer inorganic matter (clay) from subsurface layers, in the formation of aggregates that make up this biogenic structure, as compared with the surrounding topsoil (SARCINELLI et al., 2009) . Table 3 . Mean values* of exchangeable K, Ca, Mg, and Na, sum of bases (SB), and V value % of the surrounding soil (0-5; 5-10; 10-20 cm) and mound material (top; base; center), in unmanaged degraded pasture (UP), managed pasture (MP), and eucalyptus plantation (EU) in the rainy season.
Layer/ Section *Mean values of five repetitions (standard deviation). Means followed by the same letters (lowercase letters are used for comparisons among sections of soil and termite nests within the same area; and capital letters are used for comparisons among the UP, MP, and EU areas, within the same layer of soil or the same section of termite nests) indicate equality according to the Tukey test (p < 0.05). Table 4 . Mean values* of exchangeable K, Ca, Mg, and Na, sum of bases (SB), and V value % of the surrounding soil (0-5; 5-10; 10-20 cm) and mound material (top; base; center), in unmanaged degraded pasture (UP), managed pasture (MP), and eucalyptus plantations (EU) in the dry season. In this study, we expected to find higher H + Al values at the center of termite nests, since soil rich in organic matter generally exhibits high values of this variable, and since this condition basically depends on high H + values, which are derived from organic compounds and from the hydrolysis of sulfur-rich substances . In both seasons, pH values were higher in the center of the mound only in the EU area, as compared with other sections of the mounds and layers of surrounding soil. Values did not differ from those recorded in the two pasture areas (Tables 1 and  4 ). Comparing the layers of surrounding soil with sections of termite nests in the three areas studied, we did not observe significant differences (p < 0.05) in values of exchangeable sodium (Na), and there was no clear pattern of response with respect to the Al and V values during the rainy and dry seasons.
Comparing the three areas studied, we observed three patterns of results for the chemical properties examined. The values of pH, Mg, and V (for both seasons) and Ca (for the dry season) were lower in the surrounding soil and termite nests in the Corymbia citriodora eucalyptus plantation (EU), as compared with at least one of the pasture areas (Tables 1 to 4) . The values of Na (in the dry season), and Al, H + Al, and CEC (during both seasons) were higher in the EU area, when compared with at least one of the pasture areas.
These results corroborate those found in other studies, in which the topsoil found in Corymbia citriodora plantations and hybrid Eucalyptus urophylla x Eucalyptus grandis areas also had lower pH, Ca, and V, but higher Al and CEC values, as compared to pasture areas (GAMA-RODRIGUES et al., 2008; EFFGEN et al., 2012) . This is due to differences among different types of soil management in relation to the nature of the organic matter found in the soil and the resulting structural stability and stage of decomposition of that matter (LIMA et al., 2008; PINHEIRO et al., 2013) , which influences not only the pH but also the availability of nutrients in the soil for plants.
No differences were observed among the areas of the present study with respect to values of C org, K, P, and SB in the layers of surrounding soil (0-5, 5-10, 10-20 cm) and the mounds (top, base, and center), taking both seasons into consideration (Tables 1 to 4 ). When compared with Na, no difference was found in relation to the value of K, and the results of Ca and Mg diverged; this resulted in all three areas being similar with regard to SB. The relatively small amounts of Ca and Mg were responsible for the lower values of V in the EU area. In this area, the lower pH values were influenced by higher values of extractable acidity. The CEC is dependent on K, which did not differ when compared within the three areas. It is also dependent on Ca and Mg, which were lower in the soil in the EU area, as well as on H + Al, which were higher in that area. The high levels of extractable acidity were consequently responsible for the greater CEC in the soil of eucalyptus plantations. In some cases, comparison between sections of termite nests and layers of soil showed that the absence of significant differences (p < 0.05), in relation to the average values of the chemical attributes, was influenced by the high variability of the data found over various replications, which is evidenced by the high standard deviation values, as reported in the tables.
The cluster analysis showed that the sections of the top and base correlated to a mean distance of less than 10%, which was also verified by the correlation of the three soil layers adjacent to each other in UP, MP, and EU (Figure 2 ). These two groups (top and base, and three adjoining surface layers of soil) correlated well with each other at a small distance (less than 20%). However, the central section correlated with the other sections of termite nests and layers of surrounding soil at a greater distance, between 75% and 108%.
This pattern reflected the difference in composition of the central section, with its higher levels of organic matter and its isolated position, in relation to the other sections of the mounds, and the layers of surrounding soil, which contributed more mineral material. According to field observations in pasture areas, it was found that grasses located around the mounds showed more vigorous growth. 
Eucalyptus plantations
There is more organic matter in the soil, especially humin, which promotes microbial activity, in the central section of the Cornitermes cumulans mounds, compared with other sections of the mounds and surrounding soil (PINHEIRO et al., 2013) . Therefore, the amount of organic matter in mounds, especially in
There is more organic matter in the soil, especially humin, which promotes microbial activity, in the central section of the Cornitermes cumulans mounds, compared with other sections of the mounds and surrounding soil (PINHEIRO et al., 2013) . Therefore, the amount of organic matter in mounds, especially in the central section, seems to correlate with the soil nutrient availability for plants. These results emphasize the important role of termites in minimizing the degradation of chemical conditions of the soil in pasture areas and eucalyptus plantations, which is accelerated in the "Mar de Morros" environment due to climatic conditions, topography, and low natural fertility of the soil.
Conclusions
Termite activity involves the selection of fine soil particles and alters the majority of chemical properties of the soil at the center sections of termite nests, as compared with the other sections (top and base) and the topsoil (0-5, 5-10, 10-20 cm) in the three areas studied (unmanaged degraded pasture, managed pasture, and a Corymbia citriodora eucalyptus plantation), in the region of Pinheiral, Rio de Janiero.
The influence of termites on most soil chemical properties differed in the Corymbia citriodora eucalyptus plantation, when compared with degraded managed pasture and managed pasture areas, which did not differ from each other.
